Makerspaces are environments where individuals use technologies to make physical artifacts within a community of fellow Makers. ere has been growing interest in the educational potential of Making activities which has resulted in many schools procuring tools and technologies to set up their Makerspaces. However, there is scant research investigating the efficacy of Making these newly emerging Makerspaces intended for learning. In our work, we narrow this gap in knowledge between the claimed educational potential of Making and its attainment. By synthesizing prior work and publically available data on Makerspaces, we introduce a framework to situate the educational considerations for Makerspaces and recommend directions for future research on educational Makerspaces. Being cognizant of the Maker culture having emerged outside of the academic literature, we synthesize publically available data from 53 untraditional but relevant sources. ese sources include definitions of Making forwarded by 3 well-established Maker initiatives (Makerspace, Hackerspace, and Fab Lab), 18 relevant sites of Making activities across the United States, 17 sites from other countries (namely, China, India, Morocco, and Spain), and 15 Maker initiatives at schools in the United States. After proposing and detailing the framework, we recommend directions for future research to attain the potential of educational Making.
Introduction
Makerspaces are emerging as educational spaces in schools, libraries, and museums all over the world. Some proponents of educational Making believe that it sparks innovation and critical thinking skills in students by engaging them in hands-on learning experiences [1, 2] . Educators have begun to adopt this belief and are developing new curricular activities and materials for Making as an educational endeavor [3] [4] [5] [6] [7] . However, there is scant research investigating the efficacy of Making in these newly emerging Makerspaces for learning. e limited nature of the research is the motivation behind our work. By synthesizing prior work and publically available data on Makerspaces, we introduce a framework to (1) situate the educational considerations for Makerspaces (2) and recommend directions for future research on educational Makerspaces.
In the following sections, we discuss the oft-cited potential benefits of Makerspaces for education as well as the potential challenges in realizing these potential benefits. e potential benefits are rooted in a number of theories of learning and development such as, constructionism, experiential learning, self-efficacy, and agency.
e challenges relate to issues of cultural and ideological differences and the precarious quality of self-directed design learning.
e Promise of Makerspaces for Educational Settings.
Dale Dougherty characterizes Making as inherently human [8] . Making can be traced throughout history as we continue to make tools and technologies aimed at creating more fulfilling lives. Mark Hatch who authored the Maker Manifesto [9] invokes a similar belief stating, "making is fundamental to what it means to be human" (p. 1). Characterizations such as that of Dougherty and Hatch have appeared in popular media about Making and the role of Making in the democratization of invention. For example, Dubrow [10] posits "[t]o its advocates and participants, the Maker Movement resonates with all of those characteristics that we believe makes America great: independence and ingenuity, creativity and resourcefulness." Many community Makerspaces seem to adopt similar ideas with statements such as "if you can think it up, you can bring it to life here" [11] making way to their agendas. Given public concern about a growing disconnect between people and the objects with which we interact (a concern often attributed to consumerism), Making has the potential to engage learners in ways that bring them closer to these objects reconnecting to the basic human aspects of engaging with the world.
Makerspaces have also become to be known as places where people can pursue their creativity by Making things that are personally meaningful to them no matter their utility to the broader public. is has manifested in the implementation of Makerspaces that are described with phrases such as "Making future dreams a reality" [12] . Barniskis [13] also wrote about how Making as a hobby manifests from the everyday needs and wants of individuals. Having a space to be able to Make what is personally meaningful to an individual is often the biggest selling point of newly constructed commercial Makerspaces [14] , which has translated into the promise of educational activities that connect to students' interests and passions. is promise of Makerspaces can roughly translate to the idea that a learner who is choosing what they want to make is bound to be more interested in seeking out the knowledge, skills, and abilities to make their dreams a reality. is interest in seeking out knowledge relates to the idea of agency which we expand upon in the following paragraph.
Makerspaces are promising venues for supporting agency [15] and endeavors that are personally meaningful to the Maker. Makers experience that they can be agents of change for themselves and their lives, and even for issues affecting others. In-line with the idea of Making being natural to people, we posit that human agency is at the core of Making and is necessary in the individual's pursuit of whatever they make. You can see Maker' s agency and what they see as personally meaningful in the diversity of the artifacts they make, as well as the diversity of the reasons people get involved in Making. At First Build, a GE appliances-backed initiative, in Louisville, and the artifacts push the boundaries of electrical appliances technology [16] . While at the LVL1 [17] Hackerspace down the road in Louisville, many Makers' approach Making from an arts and crafts perspective, which is common among many community Makerspaces. Following this theme of agency, the initiation of some Makerspaces, such as the Philippines Communitere [18] , the Maker Movie [19] , and the Maker Map [20] which is a map of different Maker initiatives all over the world, have been crowd sourced. e agency that the participants of these and many other initiatives exhibit is a testimony to the power of human agency in Making. Realizing personal meaning and being agentive are contributing factors to individuals' intrinsic motivation [21] . Participants in a Makerspace being intrinsically motivated to engage and learn adds to the promise of their educational potential.
Potential Challenges in Realizing the Educational Potential of Makerspaces.
Educators and writers we cite in this section have expressed caution regarding current and impending challenges in realizing the educational potential of Makerspaces. We elaborate on the following challenges: (1) a lack of diversity within the Maker movement; (2) ideological disconnects between the democratic ideals of human agency and change and the capitalistic forces at play in some Makerspaces; and (3) the challenges associated with replicating successful exemplar spaces in different contexts (e.g., locations and cultures).
Issues of diversity and inclusion in Makerspaces resemble issues of diversity and inclusion in the field of engineering where the dominant culture is masculine, technocentric, and white. Chachra [22] in "Why I am not a Maker" wrote about how the Maker culture promotes differentiation between those who claim to Make and those who do not. Further, she comments on the gender disparities prevalent in the Maker communities. Many of the activities that constitute Making have been associated with men, whereas the values of caring that are often associated with women are devalued by the movement. Buechley added to this concern by her presentation at the MIT third annual Fablearn Conference at Stanford University [23] . She noted that the covers of Make magazine depicted narrow and skewed themes. 53% of the covers depicted electronics, 31% vehicles, 22% robots, 8% rockets, and 5% music. us, promoting and valuing certain types of Making activities that historically ascribe to masculine, technocentric characteristics. To overcome this challenge and avoid reinforcing cultural and gender stereotypes that have led to this already blooming homogenous Maker culture, educators will need to be thoughtful as they seek out and develop educational Maker activities. Pro-Making educators will need to be intentional about not recreating an environment that favors masculinity as has been observed in Technology Education [24] and Shop Class [25] .
e democratic ideals of personal meaning and agency, often seen as potential benefits of the Maker movement, have also been challenged. Morozov in his article in e New Yorker [26] , which sparked multiple commentaries and critiques, claimed that even though one tends to associate Making with Marxist values of equal division of capital, it rarely plays out this way. He writes that in a capitalistic society, capital is the best way of getting heard. e rosy ideals of democratization via Making are supported by peoples' abilities to procure funds and get attention for themselves and their artifacts counter to traditional Marxist values. Along these same lines, Driscoll [27] comments on Maker media receiving funding from DARPA in 2012 and the strained historical relationship between military funding and the DIY culture in the United States. Driscoll highlights that DIY enthusiasts have held ideological beliefs that support them in conducting research and development activities for the military.
ese ideological breaches threaten the educational potential of Makerspaces that aim to serve the broader population of students from diverse and, sometimes, economically disadvantaged communities. Ideally, Making should not depend on access to capitalistic resources; however, the reality is that tools, materials, and resources are needed, and as Morozov [26] warns, gaining access may require engaging sources who may have other capitalistic intents. As Makerspaces become more common in educational settings, there is a responsibility to ensure that students in a Makerspace are engaging in the pursuit of knowledge and development of self rather than engaging in a focus on economic benefits to the resource providers.
It has also been proposed that Making empowers people to Make what they like, but that can also jeopardize the fabric of invention and development by reinventing things badly [28] . In an interview to Hsu [29] [3, 4, 30] that describe the equipment and materials to be procured for a school Makerspace but little to describe the learning objectives they should address or for how to adjust the design for whom they intend to serve. e existing information on educational Makerspaces is insufficient as we have few resources that bridge the division between the educational benefits of Makerspaces that we describe above to classroom design and pedagogies. e potential benefits of educational Makerspaces we mention above have not been captured in resources for educators to support the scale-up of Makerspaces in schools. is leaves a gap between the ideal nature of Makerspaces and those emerging in educational settings. is gap can be narrowed with more research and practice that leads to the development of resources to aid this scaling-up.
Many proponents of the Maker movement [31] [32] [33] have responded to the critiques we highlight above. Common across these responses is the need for dialogue and healthy critique. As Reich writes [34] , "we want the Maker movement to inspire changes in schools, that change will come through challenging conversations not purchases." us, where there exist many potential benefits of Making, there also exist challenges that require attention and action by researchers and educators. ere is a need for critical work that addresses these challenges before we make decisions regarding the adoption of these spaces more commonly. e conceptual framework we introduce below serves as a way to frame the various consideration educators can work through as they develop educational Makerspaces for their unique contexts and settings.
Rationale
e first aim of this paper is to propose a conceptual framework to characterize Makerspaces as educational spaces.
ough previous empirical studies in the area of educational Makerspaces [35] [36] [37] [38] [39] [40] [41] [42] answer pertinent questions regarding the implementation and assessment in Makerspace environments, no particular work captures the meaning of Making, and more narrowly Making in educational environments. With this work, we synthesize 53 sources representing Makerspaces in informal and formal settings to propose a conceptual framework to make meaning of educational Making.
Jabareen [43] defines a conceptual framework "as a network or a "plane" of linked concepts" (p. 49). Since many sources used to synthesize the framework are not from the research literature, which is in its infancy for this topic, this conceptual framework could be considered nontraditional for its reliance on popular culture and more informal, self-reported data from Makerspace sites, and philosophies of the curators of the phenomenon of Making. However, similar to traditional conceptual frameworks and the methods of their creation, it remains a network of linked concepts generated using a methodology of synthesizing sources in which the phenomenon of Making is grounded. Precedence for the development of such a nontraditional conceptual framework exists. Pintrich [44] developed a conceptual framework for understanding the different types of self-regulated learning based on the assumptions associated with common models of self-regulated learning. Eshet-Alkalai [45] forwarded a conceptual framework to accommodate the multiple ways in which the term "digital literacy" presents itself in the literature. Previously misunderstood as either only technical or cognitive and socioemotional, Eshet-Alkalai [45] synthesized the existing literature and practices to propose a framework that accommodates the multiple dimensions of digital literacy, such as "photo-visual literacy; reproduction literacy; branching literacy; information literacy; and socio-emotional literacy" (p. 93). Lin's [46] framework on creative pedagogy uses a confluence approach to illuminate the relationship between creativity and pedagogical practices and is informed by the ways in which creativity is nurtured in educational settings and the assumptions present behind prevalent theories of creativity. In the field of engineering education, constructing frameworks and presenting syntheses of newer concepts have also been accepted. Several new phenomena have been conceptualized by researchers to propose future directions for research and practice. For example, a synthesis by Brophy et al. [47] to detail the future direction for Engineering Education in P-12 classrooms is a synthesis of classroom models and educational engineering practices existing in the academic literature. Similarly, Feisel and Rosa [48] synthesized the available literature on the history of laboratory education in engineering, assessment, introduction of computers, and hands-off laboratory learning, to propose fundamental objectives for laboratory education for undergraduate engineering students, and also possible future directions for research. Given these examples and the relative lack of the academic literature on the topic of Makerspaces as educational learning environments, we believe there is sufficient justification to embark on the development of such a conceptual framework that can continue to be tested and evaluated as more research is published.
Method
A considerable portion of the development of Makerspaces has happened outside of the realm of the academic literature. Cognizant of this, we undertook a synthesis of definitions of [51] (para. 1).
Fab Lab Fab Lab is the educational outreach component of MIT's Center for Bits and Atoms (CBA), an extension of its research into digital fabrication and computation. A Fab Lab is a technical prototyping platform for innovation and invention, providing stimulus for local entrepreneurship. A Fab Lab is also a platform for learning and innovation: a place to play, to create, to learn, to mentor, and to invent
e three common themes when looking at the above definitions from an educational perspective are those of people who use the space, means what are used in the space, and activities what are done in the space. ese themes were also present in our remaining 49 sources and began mapping well to corollary themes in education, namely, those of educators and students, technology and resources, and curriculum and assessment. In Table 1 , we offer a breakdown of the definition within this framework of people, means, and activities.
Work by Sheridan et al. [41] explored three Makerspaces through a comparative case study where they asked the following questions: "Who participates in these Makerspaces; How and to what ends are tools, materials, and processes used in each Makerspace; and What are the arrangements for learning, teaching, and collaborating in each space? (p. 507)" is work also supports the aspects of our framework-people, means, and activities.
e first two aspects of our framework relate well to the first two research questions by Sheridan et al. [41] , with emphasis on the people and the means used in the space. However, with many spaces not explicitly partaking in teaching and learning activities, the third aspect of our framework includes all activities that may occur in such spaces, but we will often refer to educational activities. Our analysis of recent academic literature in the field of educational Makerspaces also provided support for the people, means, and activities framework for conceptualizing Makerspaces. We cite this work in the directions for future research in a later section. Figure 1 is a representation of our proposed conceptual framework. As depicted, the three aspects of people, means, and activities are interconnected via purpose. e people in a Makerspace provide, request for, and dictate the means used, the means determine the activities that may be possible in the space, and the activities contribute to people's experiences which include their learning experiences. At the same time, the people and their interests, goals, and experiences dictate the activities that take place in a Makerspace, the activities determine which means are needed, and the means influence what people do in the space. Depending on the purpose behind the space, each Makerspace could be variably focused toward either the people, the means, the activities of the space, or combination of some of them. We illustrate examples in Figure 2 and explain the role the purpose plays in the following section on purpose. Furthermore in this section, we detail the nature of the people, means, and activities aspects of the framework, and their interconnectedness with examples from our data sources. We also cite examples from Sheridan et al.'s study to show congruency between our and their findings. Figure 1 , the purpose of a Makerspace defines which aspect(s) the space focuses on. e purpose of a space could be people-focused, meansfocused, or activities-focused, or some variable combination. All aspects of the framework always exist but sit at tension with the variable focus of the space. e purpose of a Makerspace could be defined when the space is initiated, such as Makerspaces in educational settings, which are set up for meeting educational needs or outcomes. e purpose could also be continually evolving as many spaces redefine their nature depending on the contexts they are situated in. Examples of such spaces include community spaces which are not set up for a particular reason but dynamically evolve. Figure 2 (a) represents Makerspaces that are focused toward the people aspect of the framework. e purpose of such spaces is informed by the goals of the individuals or the community of individuals the space serves. Such spaces include those which are set up to serve a community, city, geographical area, or online network. e Maker Library Network, the Makerspace North in Ottawa, and the Maker Camp are examples of some such spaces, which we detail in following section on the people aspect. e means and the activities of such spaces are defined by the people who engage with the spaces. ) represents Makerspaces focused toward the means aspect. e purpose of such spaces is to house certain tools and technologies that aid Making. Such spaces attract enthusiasts who are drawn to the novelty of rapid prototyping and using innovative tools and technologies. Spaces set up in accordance with manuals from Maker Media, Fab Lab, and other online documents and blogs, which we detail in our discussion on the means aspect, are examples of such spaces.
The Conceptual Framework

Purpose. As represented in
e means attract people interested in using them, and the means inform the activities the people end up engaging with. Figure 2 (c) represents Makerspaces focused toward the activities aspect of the framework. e purpose behind such spaces is to serve as venues for activities of a particular kind. 
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Activities could include educational activities, such as those in schools and libraries. Makerspaces at the Steward Middle Magnet School in Tampa, Mountain View Elementary School, and First Build in Louisville are examples of such spaces, which we detail in our discussion on the activities aspect. e people entering the space and the means procured are dependent on the activities being conducted in the space.
e conceptual framework we propose in this paper and particularly the aspect of purpose can be used as a tool by educators and facilitators to be more purposive about the Makerspaces they are initiating or working within. Depending on the context, educational Makerspaces are likely to be focused on the activities aspect. Knowing this focus, we can decide upon the other aspects. For example, a Makerspace in a school should procure means informed by the educational activities they want to undertake, which might not always necessitate the purchase of expensive equipment.
e People.
e people aspect of a Makerspace refers to the individuals who make or participate in such spaces and the community of people thus created. e individuals' experiences and the experiences shared as a whole by a community of Makers all inform this people aspect of our conceptual framework for educational Makerspaces. Sheridan et al. [41] noted the most distinct feature between Makerspaces was the diverse learning arrangements which were defined by the individuals in the space and how they came together. ey reported that, at Sector 67, the people in the space are "the most valued aspect of the space" (p. 513). e director of the space reports that there had been a transformational shift as to how they understood the purpose of the space. When they began, they thought of it as a place with tools for people to build things, but they came to understand that the space was about the people participating in the space and the interesting things they did to attract others to come in and engage. At the Mt. Elliott Makerspace, most of the Makers are between eight and nineteen years of age, which dictates the ways the space is managed, the hours of operation, and its philosophy. e only full-time employee is the founder of the space, other adults, and younger interns take on paid roles that require particular skills as required. e space operates the entire day on Sundays, after school, and twice a week in the evenings.
e people aspect of the Makeshop in the Children's Museum in Pittsburgh, Pennsylvania, is very different as compared to Area 67 and Mt. Elliott. e Makers at this space are museum-goers mostly ranging from toddlers to teens.
ese Makers are often accompanied by their families, and of more than 260,000 visitors to the museum, 50,000 are students and families from low-income backgrounds. e space does not have one person at the helm of affairs, rather teaching artists who have experience in Making support the projects and other workshops at the space. Participants come in for a limited amount of time to Make and receive support and facilitation from the teaching artists. Just from Sheridan et al.'s comparative case study, we see variety in how the people shape a Makerspace [41] .
Makerspaces are places for people from different backgrounds to come together and share expertise, experiences, and instruments. Some of these communities are purely virtual, such as the Maker Library Network [53] that spans across continents and connects designers and Makers internationally to share ideas and resources. Other communities share a physical space where Makers congregate to gain access to space and equipment for their Making. e community of Makers that come together at Makerspace North in Ottawa [54] hosts regular events, so Makers can showcase their work and to collaborate amongst the members. ese communities then share a virtual space over the Internet to organize the development of camps and other events. e Maker Camp [55] is one such initiative for people to find Maker initiatives around them and create new ones. us, as is apparent in these descriptions, the people involved are what make the Makerspace possible in the first place.
Similarly, the people in a school Makerspace drive the experiences for themselves and their classmates. At Stewart Middle Magnet School in Tampa, Florida, 10-15 students gather together in their library outside of class sessions to work on projects [14] . ey collaborate with students from the Lamar Middle School in Texas over web-based video conferences. At the Summit Elementary in Oconomovac, Wisconsin, students who showed little to no leadership and interest in schoolwork are becoming leaders through their participation in the school Makerspace [56] . e students are becoming more social and developing moral character traits. Before the Makerspace, at the Big Walnut Middle School in Sunbury, Ohio, for some days, only ten or fewer students entered the library. After setting up the Makerspace, the school claims to have increased its library's traffic by 1000 percent [57] . Like most curricular interventions in schools, Maker activities are often designed and implemented by the teachers. e teachers' conception of Making directly impacts the kinds of activities students engage with. For example, at Mountain View Elementary School, the teachers design activities around the engineering design process and to meet National Educational Technology Standards (NETS) objectives [58] , at Summit Elementary, the teachers use Making as an opportunity for younger and older students to pair-up, and at Longfellow Middle School, the teachers plan to use Maker activities as an opportunity to lead activities that cater to the diverse interests of their students such as knitting, robotics, web coding, and coloring [59] .
e Means.
e means of a Makerspace refers to the tools and materials used within the space to produce artifacts. e means are not limited to expensive technologies such as 3D printers, which in certain groups have been the face of the Maker revolution [60, 61] . Any tools, methods, or materials used to create artifacts represent the means for creating in a Makerspace.
As a common theme across the three Makerspaces of the comparative inquiry, Sheridan et al. [41] note that "Makerspaces' multidisciplinarity fuels engagement and innovation" (p. 526). In this section, we present the diversity of means across Makerspaces and how they play an important role in defining the space. e means within a Makerspace are defined by the people in the space, and the purpose they have set for the environment. With the membership at Sector 67 being mostly adults, the means are defined by the projects and the needs of the Makers. e space is adapted as per the requirements of the community, and the needed equipment is purchased. At Mt. Elliott the founder, Jeff Sturges, aims to develop a model for Makerspaces that can thrive in underresourced neighborhoods by minimizing expenses and ensuring no financial barriers to participation, which leads to certain means being available. Located in the basement of a Church, the space is separated into shops for different purposes such as repairing bikes, woodworking, electronics, and silk-screening.
ese spaces, however, are converted from what already existed at the church. For example, a storage room full of junk was cleared out to make room for a woodshop. Like Sector 67, Mt. Eliott also responds to the continuously changing needs of its members by acquiring new tools and materials when possible. As compared to Sector 67 and Mt. Elliott, Makeshop follows more structure with the resources it houses. is structure is attributable to it being in a museum with a continuously changing membership leaving little room for acquiring tools and materials corresponding to the users' demands. e Makeshop is strategically divided into three parts-to introduce Making to young children, the Digital Dream Lab to understand object-oriented programming in an interactive manner, and a workshop with tools that require adult supervision.
e means available in Makerspaces vary from space to space and are dependent on the purpose and objectives of the space, such as community engagement, educational attainment, skill building, or entrepreneurship. Where some institutions may find it helpful to procure tools and materials prescribed by Maker Media and Fab Lab in documents such as [3, 4, 30] . Other blogs, manuals, and documents [5, 62, 63] are less prescriptive with the tools, materials, and internal layouts they suggest.
us, where some sites abide by established initiatives defining the means of their space, others choose means by other methods. Further within Makerspaces, Makers have different levels of control over procurement depending upon the setup of the space. ough the means across Makerspaces are different, they all utilize tools and materials to Make. Like the people, the means in a Makerspace play a critical role in defining and guiding what is possible in the space.
At the Summit Elementary, the Making resources are stored in a mobile engineering cart. is cart has K'NEX, LEGO, magnet blocks, and tubing connectors and is taken to the students rather than the students coming to it. At Stewart Middle School, students have access to an open Making area where they can use K'NEX, build on their LEGO wall, and sketch on whiteboard walls and tables.
ey can also use other Making related products such as the LittleBits, MaKey MaKey, Cubelets, and Spheros. e Longfellow Middle School also recently renovated their library with a $17,200 grant from the Education Foundation of Wauwatosa for the 2016-17 school year. is renovation involved equipping the library Makerspace with tools and technologies for students to be able to tinker, invent, and solve problems. e means in the school Makerspaces are not just limited to the usual candidates for rapid prototyping such as 3D Printers and Laser cutters, but some schools such as the Mountain View Elementary School have procured means that best suit their teaching and learning. ey have laptop workstations, Smartboards, a Hue projector, and student cameras, in addition to a 3D printer and scanner, building materials, and other tools. us, schools adapt the tools and materials that form the means aspect of a Makerspace, according to their needs. Depending upon the prevalent curriculum, extracurricular activities, interests of student, parents, and teachers, the means in the Makerspace are procured and used.
e Activities.
Activities represent all that goes into the Making of an artifact (e.g., planning, research, prototyping, building, and testing). ese may be formal, curricular activities that help Makers learn different skills and/or knowledge, or they may be informal activities the Makers engage with to Make their artifacts. All the activities that occur in the space via the interactions between and among the people and the various means constitute what we define as the activities part. In this section, we elaborate on the different kinds of activities that members and nonmembers are privy to in such spaces.
Since different people make differently, the learning and other related activities are as unique as each individual. As is noted by Sheridan et al. [41] , the "learning is in and for the making" (p. 528). e Making activities in Sector 67 range from Making for personal use to larger industrial design projects that the members are working on for their startup companies. e members working in this space are trained on the use of the equipment by other more experienced members. e activities at Mt. Elliott cover varied contexts such as "transportation, food, digital tools and electronics, design and fabrication, music, and art" (p. 516). Many of the younger members of this space became regular members after attending structured workshops on Making. Similar to Sector 67, the members are expected to share skills with other members, including the younger members. e activities at Makeshop are defined by the transient nature of the members, and thus, there is no evidence for sharing knowledge among members. e teaching artists who are considered experts support the Making projects within the space.
Similar to the means, the activities across Makerspaces also differ. ese activities include, but are not limited to, personal learning, community formation, and corporate innovation. Locally owned Makerspaces such as Artisan's Asylum in Somerville [64] provide a space, amenities, and a community for members. e Fab Lab in the College of Architecture in Seville, Spain, focuses on solving problems faced by other residents of the city [65] . At a space like First Build, Makers work to come up with state-of-the-art solutions using cutting-edge technology supported by GE Appliances [66] . e activities aspect of Makerspaces is deeply connected to the people and the means aspects. e activities that Makers partake in are dependent on the individuals who Make or participate in such spaces, the community of people thus created, and also the tools and materials used within the space to produce artifacts.
In schools such as Summit Elementary, Making activities are a part of the schoolwork and the teachers design STEM Education Research Internationalactivities to take place in their Makerspace. ey also organize STEM challenges and buddy classes that pair up younger and older students. Similarly, at Stewart Middle Magnet School their pop-up Maker stations often are connected to the curriculum. ey also scaffold the Making by leaving appropriate design prompts next to materials. An instance of connecting Making to their curriculum is a "Design a Rocket" station for the annual Space Week celebration. In the first year of their new library Makerspace at the Longfellow Middle School, the school planned to cater to diverse student interests. ey planned to introduce projects such as knitting or crocheting, robotics, web coding, and coloring books. At Agnor Hurt Elementary School in the Albemarle County in Virginia, students from different grades Make together [67] .
ey encourage students to choose their projects as they believe that to be the best way to Make. At the Mountain View Elementary School, the lessons in the Makerspace are related to the engineering design process and NETS learning objectives. us, the activities that students in school Makerspaces partake in are contingent upon the affordances allowed by the existing curriculum and resources spent on extracurricular activities.
Directions for Future Research
e conceptual framework we propose in this paper along with theories of learning and development that align with the three aspects of the framework can provide a foundation for determining best practices for learning and development in a Makerspace. ese best practices will have important implications for developing educational programming at Makerspaces in schools, colleges, museums, libraries, and other educational settings.
We believe that the people, means, and activities framework can also help articulate directions for future research. e concerns of Vossoughi et al. [68] and Chachra [22] regarding Making not being equitable relate to the people aspect of the framework. ere is a need for research on how different people want or do not want to engage in educational Makerspaces. Further, issues of broadening participation and social justice arise as we consider who has access to such spaces in their schools and communities. In addition to researching questions pertaining to equitable access to Makerspaces, research is needed to understand how Making affects people from different age groups, whether it is better suited for informal environments than formal environments like schools, and what their meaningful implementation in educational settings looks like. With our work and recommendations, we initiate this conversation of meaningful Making.
Another series of questions to be addressed to make Making more equitable and accessible are related to the technological means used in the space. Using new and innovative technologies is one of the primary reasons many Makers make.
e educational potential of Makerspaces explained by constructionism also relies heavily on the use of technology. Meehan et al. [39] report that while working on a card-sorting task in a Makerspace environment, their participants' focus moved from the task they were working on to the technology they were using. e means aspect of Makerspaces is heavily understudied and needs to reach beyond the prescriptive pieces on means to procure to set up a Makerspace. Fundamental questions such as what educational affordances do different means provide, how may some means limit learning, and what means are most affective for school/classroom use, need to be answered. e activities aspect is the most-studied aspect of Makerspaces so far. e literature has helped shed light on opportunities for Makerspaces at libraries [35] , potential learning opportunities [40, 42] , diverse exemplar sites for Making [41] , and examples of tinkering at such spaces [36] . However still, the activities aspect of educational Makerspaces will benefit from clearly defined curriculum, best practices, and an understanding of the efficacy of different educational activities with respect to different learners. Adding to this, we believe that the community will benefit from large-scale work that captures the Maker movement in different cultures, understands and captures lessons to learn from various sites, and seeks to understand psychological and sociological phenomena behind the success of Making that we might be missing in our present conversations. e people, means, and activities framework that we propose can form the basis of such conversation and a virtual repository of structured information from Makerspaces all over the world. Such information can merit further analysis to answer the pertinent questions we raise in this section, and other questions from pro-Making educators and researchers.
Conclusion
Situated in the growing numbers of new Makerspaces, articles in popular media, curriculum, and empirical studies, this work conceptualizes how Makerspaces have evolved and are being adapted to educational settings. We propose a conceptual framework comprising three aspects, namely, the people, the means, and the activities. e three aspects are tied together by the purpose of the space, which can be variably focused toward either of the three aspects.
is framework can be used as a tool by educators and facilitators to be more purposive about the Makerspaces they are initiating or working at. e framework is synthesized from a breadth of sources that include definitions forwarded by established Maker initiatives, relevant sites of Making activities in the United States, sites of Making from four other countries, and Maker initiatives at schools in the United States. We culminate our discussions by suggesting directions for future research that pose meaningful questions to realize the educational potential of Makerspaces and also take into consideration the challenges associated with the phenomenon.
Our proposed framework is a much-needed contribution to the gap in knowledge that exists in current Maker education literature. Work in this paper conceptualizes Makerspaces and provides considerations to realize their purported educational potential.
e terms used in the framework are flexible, and the framework can be modified as the phenomenon of Makerspaces evolves and helps understand the phenomenon rather than predicting it. All three of these characteristics, flexibility, capacity for modification, and understanding are advantages of a good conceptual framework [43] . All three aspects of the framework, people, means, and activities, are amenable, which will prove beneficial to develop the phenomenon further. An example of this amenability is the recommendation and future research path we highlight in this work. Also, one of the biggest challenges that educational Makerspaces face in the present day is to attain equitable access for all people rather than a few communities that the movement has favored. Our framework to a great extent isolates Makerspaces from the qualities that lead to only a few engaging with them. We do not suggest who is Making, what is being Made, what is being used to Make, or where the Making is happening.
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